INTRODUCTION
Parkinson's disease (PD) is a neurological, chronic, progressive condition which affects the brain circuits responsible for the motor control of human movement. It results from the degeneration of nerve cells in the substantia nigra responsible for producing dopamine (1) . PD shows characteristic motor signs such as resting tremor, muscle rigidity, postural instability, and slowness in the execution of movements, also called bradykinesia. In addition, patients with PD may present difficulty in oral communication, which depends on the functioning of the aspects of breathing, phonation (voice), articulation (speech), language, and cognition (2) (3) (4) . The most frequent vocal characteristics in PD patients described in the literature are vocal tremor, frequency monotony, reduced loudness, and hoarse, rough and breathy voice quality (2, 3) . The vocal alterations presented by patients with PD, when associated with changes in breathing, articulation, resonance, prosody and/or fluency, are characteristic of dysarthria. Dysarthria is a neurological disorder which affects oral communication due to deficits in the control of speech muscles. Dysarthria present in PD is classified as hypokinetic, because it presents imprecision in the articulation of consonants, hypernasal resonance, changes in fluency, and variable speech rate (4) . There are treatments available to minimize its symptoms and improve the patients' quality of life; the most commonly applied methods are medical, psychotherapeutic, and surgical (1, 2, 5) . Among the most current resources, Deep Brain Stimulation (DBS) has shown satisfactory results for motor cardinal symptoms; however, findings on its impact on the oral communication of implanted subjects are limited.
DBS consists of the unilateral or bilateral surgical implantation of three components: quadripolar brain electrode, subcutaneous extension cable (lead), and internal pulse generator. After implantation of the brain electrode, the pulse generator is placed in the subclavian region, and the leads are subcutaneously tunneled, connecting the electrodes to the generator (2, 5) . The surgery is indicated for patients who did not achieve adequate control of motor symptoms with drug therapy. It is known that the use of L-Dopa is the most effective treatment in the control of physical alterations and that this medication is indicated since the initial stage of the disease (2, 5) . DBS is expected to bring the following results: reduction in the 'off' periods (motor function fluctuation periods in which the motor state is usually low), increase in the 'on' periods (motor function fluctuation periods in which the motor state is usually good or better), reduced dyskinesia, suppression of medically refractory tremor, better performance in daily life activities and consequent increased quality of life (5) . Reducing changes in communication is not the main objective of DBS implantation; in addition, little is known about its effect on this aspect.
More studies are needed to verify the impact of DBS on the communication of patients with PD; however, the study of individual cases can help identify potential questions to guide future research.
The present survey aimed to compare two case studies on DBS surgical implantation and verify whether the patients presented similar patterns of DBS interference in different aspects of oral communication. To this end, the overall aspects of cognition, speech, voice, and self-perception were evaluated in the pre-and post-DBS surgery situations. This is an innovative study of paramount importance for the research in Parkinson's disease and Speech-language Pathology considering that the effects of DBS in implanted subjects are inconclusive and little explored in the specific literature. In addition, this can be classified as a pilot study that could guide future investigations.
METHODS
Information on the clinical cases presented in this article corresponds to the preliminary data of a research project approved by the Research Ethics Committee of the aforementioned institution under number 15-0080.
The present study was conducted in a local reference university hospital. This surgical procedure is performed on a limited basis; therefore, only two individuals, one male and one female, participated in the survey. The inclusion and exclusion criteria were the same used by the Brazilian Academy of Neurology for DBS surgery (5) . The participants signed an Informed Consent Form prior to completion of the study in which they agreed with the disclosure of its results.
The evaluations were conducted with the patients in the 'on' state of medication. Pre-DBS assessments were performed the week before the surgery, whereas post-DBS evaluations were performed between 6 and 9 months following the implant with the stimulator turned on.
Cognition and language evaluation
The cognitive screening test Montreal Cognitive Assessment (MoCA) (6) was used to evaluate cognition in the two cases herein reported. MoCA is suggested by the literature as the most sensitive screening test to detect cognitive changes in PD, because it assesses the executive functions that are predominantly affected by PD (7) (8) . We also conducted a brief language evaluation using semantic (9) , phonemic (10) and action (verbs) (11) verbal fluency, as well as an oral naming of action figures and objects using 60 images from the An Object and Action Naming Battery (OANB) (12, 13) . The figures used in the naming test were marked for the following psycholinguistic features: word frequency, size (number of letters and syllables), visual complexity, familiarity, and imageability. Answers were audio recorded using an ICD-P210 Sony  digital recorder. Reference values of cognition and language assessments obtained in the literature for the Brazilian population were included in the table of results to obtain a comparison parameter with healthy subjects. These were cut-off values or reference values based on a standard deviation of 1.5 below the average obtained by the studies.
Speech and voice evaluation
Recordings collected during the naming test were edited and standardized separately during the pre-and post-surgery states of each patient; they were then stored in a shared folder with numerical identification. Such voice samples were evaluated as for voice and speech aspects by a speech pathology referee with a doctoral degree in the area, who was blinded for the evaluation and for the objectives of the study.
The voice aspects evaluated during the pre-and post-DBS moments were voice quality, pitch, loudness, and resonance. Speech was evaluated during the pre-and post-DBS moments for intelligibility, rate, fluency, and articulation.
Self-perception evaluation
A self-declared protocol, specifically prepared for this study, was applied aiming to verify the patients' self-perception of the effects that the DBS caused in the oral communication aspects. Therefore, the protocol was applied only at the post-DBS situation.
Case reports
Case I Male, 45 years old, retired, 14 years of education, diagnosed with PD in 2003. The disease symptoms started with bradykinesia and rigidity in the right arm. The participant was under dopaminergic medication since diagnosis and duration of drug effect was unsatisfactory. In 2010, he began outpatient treatment showing marked bradykinesia bilaterally, postural instability, rigidity, and resting tremor -worse in the right limbs. DBS was indicated in March 2012 and performed in December the same year. Electrodes were surgically implanted bilaterally in the subthalamic nucleus. The implant occurred nine years after the PD symptoms started.
At pre-DBS situation, Case I presented cognitive change according to the results of the screening performed by MoCA, for which he presented score below the cut-off point. His performance at semantic and phonemic verbal fluency was similar to that of healthy subjects, except for action (verbs) fluency, which was slightly below the normal score. As for the naming test used, the patient did not make errors with the naming of objects; however, he presented performance below the cutoff for the naming of actions (Table 1) . Regarding the voice aspects assessed in the pre-DBS period, alterations were found in voice quality (roughness); pitch and loudness were inadequate; and resonance was balanced. Speech was considered adequate in all aspects (Table 2) .
At post-DBS, Case I presented important improvement of motor symptoms as well as reduction of the dopaminergic medication dose. Regarding the cognitive aspects evaluated in this study, improvements of the cognitive screening (MoCA) and in phonemic and action verbal fluency were observed. In the naming of actions (verbs), the patient remained below the cutoff, with performance inferior to that of the pre-DBS period. The object naming and semantic fluency did not change remarkably after the DBS implant (Table 1 ). Voice quality Table 2 ).
In the self-perception assessment, Case I noticed negative changes in speech, considering it more entrained and less fluent. In contrast, he reported better articulation. The patient did not notice changes in his voice and speech rate. Overall, he evaluated the post-DBS communication as very bad (Table 3) .
Case II
Female, 47 years old, office assistant, 12 years of education, diagnosed with PD in 2006. Symptoms initiated with decrease of the right hand movements, followed by progressive bradykinesia in the four limbs, and loss of balance. She initiated the dopaminergic medication in the same year of diagnosis, with good response for the motor symptoms. Later, she presented rigidity and bradykinesia -worse in the right limbs. The patient was referred to DBS implant in 2010, which was performed in May 2013. The implant was performed bilaterally in the subthalamic nucleus and it occurred seven years after the PD symptoms started.
Before DBS implantation, the patient presented cognitive and language performance similar to that described in studies with healthy subjects (Table 1) , except for action naming, which was slightly below the cutoff. Regarding the voice and speech aspects evaluated in the pre-DBS period, only voice quality (tension) was considered altered (Table 2) .
After DBS implantation, Case II presented important improvement of motor symptoms and reduction of the dopaminergic medication dose. There was a reduction at the phonemic and semantic verbal fluency performance. There was a reduction in object and action naming. Action (verbs) fluency and the MoCA test were slightly affected by the DBS implant in this Case (Table 1 ). Voice quality remained altered (with roughness and tension), whereas other voice features were not altered, nor speech aspects.
In the self-perception evaluation, Case II noticed negative changes in speech, describing it as more blocked. She believes that her voice, articulation, and fluency have improved. She reports that the speech rate is worse (faster). Overall, Case II evaluated her post-DBS communication as better (Table 3) .
DISCUSSION
The present article aimed to characterize the aspects of communication, cognition, language, voice, speech, and self-perception of two patients with PD at pre-and post-DBS implant situations. The two study cases are young patients with higher education who were submitted to the same surgical treatment for PD. Both cases presented improvement of the cardinal symptoms of disease and reduction of dopaminergic demand, reaching the main goals of this study. However, distinct profiles were observed between them regarding the communication aspects evaluated.
Before DBS implantation, Case I presented impairment in the cognitive screening (MoCA) regarding language and voice, whereas Case II presented changes only in voice quality. However, an opposite pattern of the effect of DBS was found when analyzing post-surgical data regarding communication: Case I, who was considered the most affected in the pre-surgery period, improved in some aspects; whereas Case II, who was observed with little communicative impairment prior to the surgery, presented worsening of the aspects.
The different communicative patterns presented by each case before surgery, as well as the DBS effects may be discussed in light of the different PD clinical conditions presented by each subject. Case I, who was more compromised in the pre-DBS period, but seemed to benefit more with the procedure, presented all PD motor symptoms in the beginning as well as during the disease progression. Nevertheless, Case I presented an increased time of disease when he was implanted, which may explain the worse performance in the communication evaluation.
Among the cognition and language evaluations that seem to be more affected by PD and DBS, the following are worth mentioning: MoCA, action naming, and phonemic and action (verbs) fluency. All these tests evaluate functions that are predominantly executive and, consequently, predominantly dependent on the frontal areas and frontosubcortical connections (6, 10, 11, 14) . There are reports of deterioration of the executive functions in PD after DBS surgery; however, it was suggested that this deleterious effect may be transitory (15) . The dopamine depletion that occurs in PD leads to a dysfunction of the frontostriatal pathway (1) . When DBS is implanted in the subthalamic nucleus, it causes a neuromodulation of this pathway (5) . Therefore, from the pathophysiological point of view, it is justifiable that cognition in PD have the execution impairment as its main cognitive feature, and also that DBS interfere in this domain. However, it is still unclear whether the neuromodulation of DBS has positive or negative effects on these cognition aspects. MoCA is a cognitive screening test largely used in PD patients due to its sensitivity to detect cognitive impairment predominantly in the executive functions. Case I presented improvement in the MoCA performance during the post-DBS period; in contrast, he did not show significant difference in the MoCA score between the two moments evaluated. A study comparing non-motor aspects of PD during the pre-and post-DBS periods reported no difference in the MoCA performance (16) . PD patients present difficulty performing tasks that require verb production, such as action naming and verb fluency (17) . It is believed that the processing of verbs depends predominantly on the frontal brain regions and frontal-subcortical circuits, whereas the processing of nouns depends on circuits more posterior in the brain. Considering that PD patients present frontostriatal changes, it is expected that they show a higher impairment in tasks with verbs than with nouns. Nevertheless, there is a lack of studies aiming to verify the effects of DBS on the production of verbs. One study evaluated action and object naming in the 'on' and 'off' DBS situations; the patients were slower and less accurate in action naming than their healthy controls. When comparing the 'on' and 'off' conditions, it was observed that the stimulation improved verb and noun naming, with greater improvement for verbs (18) . As for verbal fluency, studies show that it is possible to observe a reduction of verbal fluency following the DBS surgery (19) . Phonemic verbal fluency improved in Case I and worsened in Case II, whereas semantic verbal fluency remained the same in Case I and worsened in Case II. Action (verbs) fluency improved in Case I and remained the same in Case II. Variation in the fluency results was observed, but not a global decline in fluency in both cases, maybe due to the short time window after the surgery.
Regarding speech and voice, Case I showed more changes; the only aspect that remained altered in both cases was voice quality. Case I showed roughness in the pre-surgery period and breathiness in the post-surgery period. In Case II, voice was considered tense before DBS and rough and breathy following the surgery. Specific voice aspects such as pitch, loudness, and resonance were observed in this study; Case I showed changes in all of them. Pitch and loudness were evaluated as inadequate in the pre-assessment and only pitch improved after surgery. Resonance, in Case I, ranged from balanced to mild hyponasal. There are no studies conducted with our population reporting the evaluation of these aspects comparing the pre-and post-DBS periods, but the clinical practice shows that the stimulator configuration can greatly affect the voice of these patients.
Speech rate, fluency, and articulation worsened after DBS in Case I. Regarding fluency, a study of two cases evaluated the speech fluency in the DBS at the 'on' and 'off' moments and concluded that the speech fluency improved in both patients when the stimulator was turned off, suggesting that DBS may negatively affect speech fluency (20) . Articulation is directly affected by the PD motor symptoms and, therefore, a post-DBS improvement is expected, even though other variables may interfere in these results, such as disease progression and use of dopaminergic medication.
In the self-perception evaluation, the only speech aspect considered as improved by the patients after the surgery was articulation. Under a wide aspect, both reported negative speech changes after DBS implantation. As for voice perception, Case I did not notice voice change and Case II declared improvement, suggesting that voice in the pre-DBS period could be more affected by the PD symptoms than after surgery.
The overall communication in these patients was modified after the DBS surgery. Case I evaluated that his communication after the surgery is very bad, whereas Case II evaluated improvement in her communication after the DBS surgery. A previous study showed changes caused by DBS in PD patients in different aspects of communication. However, patients of a different study reported the overall benefits of the surgery regarding increased mobility due to improvement of motor aspects. Despite the different side effects, they still considered that the results of the surgery were positive (21) .
FINAL COMMENTS
This study shows that PD patients submitted to DBS may be positively or negatively affected regarding communication aspects. The case study evidences variability in the DBS effects and the need to investigate factors associated with the different effects caused by DBS on the PD patients' communication. Therefore, it is important to study all the cognition, language, speech, and voice aspects in researches with an increased number of subjects and controlled conditions for other variables such as region of electrode implant, stimulator configuration, use of medication, test application in the pre-and post-DBS periods, and comparison with control individuals.
